, Sendeckyj [3] , Talreja [4] , Little [5] , and others [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . As a first step in the statistical analysis of fatigue data, an assumption is made concerning the distribution of the fatigue life data. Once an assumed distribution has been chosen and experimental tests have been completed, the analysis of the data should include goodness-of-fit tests to investigate the appropriateness of the chosen distribution. If the distribution is deemed appropriate, then a functional form of the relationship between the applied stress and number of cycles can be postulated.
The two most widely used distributions for describing fatigue life data are the log-normal and the two parameter Weibull distributions [6] . The reasons for their popularity include their flexible density functions and their previous use as characterizing the tensile strength of materials under static loading. Studies by Whitney [1, 2] , Sendeckyj [3] , Talreja [4] , Hahn and Kim [7] , Park and Kim [8, 9] , Yang, and other investigators [10] [11] [12] [13] [14] , have tested the assumption that the fatigue life data of composites follow a Weibull distribution. Fatigue studies using the log-normal distribution to characterize life data include Whitney [2] , Little [5] , and Shimokawa [15] .
Compared to the number of investigations on the static behavior of mechanically fastened composite joints (see Poon [16] ), relatively few studies have been conducted on the topic of fatigue. Investigations performed in this area include that of Crews [17] , Mallick et al. [18] , Little et al. [19] , Ramkumar [20] , Kam [21] , and Schutz et al. [22] . Crews [17] tested graphite-epoxy laminates under various environmental conditions (testing in air versus testing in water) and clamping torques. A major conclusion of this work is that bolt torque has a significant effect on both the strength and life of a composite joint. Mallick and Little [18, 19] and Ramkumar [20] have investigated various geometric (design) parameters which were shown to have a major effect on the fatigue behavior of composite bolted joints. Bolt hole deformation and elongation during fatigue loading was investigated by Kam [21] and Schutz et al. [22] and is often used to establish a terminating point during fatigue testing.
In this study, fatigue data is generated for a mechanically fastened quasiisotropic graphite/epoxy laminate. Specimen geometry was chosen such that bearing was the most likely mode of failure. The independent variables in this study include Figure 2 .
All fatigue tests were performed under the load control function of an Instron Model 1331 servo-hydraulic testing machine. The load control function assures that a constant maximum and minimum alternating load will be applied to the specimen throughout its life. The loading waveform was sinusoidal at a frequency of 10 Hz. The applied varying stress is defined by the paired component Q&dquo;,~, and R, where R is the ratio Q&dquo;&dquo;~/Q&dquo;&dquo;,. In this investigation, the stress ratio used for all fatigue tests was R = 0.1.
All fasteners used to provide the clamping force during fatigue testing were standard 6.35 mm diameter stainless steel fasteners. The washers used throughout testing were also stainless steel having an inside diameter to bolt diameter ratio of 1.024 and an outside diameter of 1.75 cm. As shown by Herrington and Sabbaghian [23] , this ratio of washer diameter to bolt diameter has important implications on the ultimate bearing strength of composite bolted joints. In tests performed by Herrington and Sabbaghian [24] , it was found that routine handling of washers creates incidental lubricants on the washer surfaces, significantly affecting the coefficient of friction between the washer and the composite. Therefore, prior to each test, the washer surfaces were cleaned using a degreasing agent. While the threaded portion of the bolt was lubricated, the shank portion which contacts the composite bearing area was also degreased since the presence of incidental lubricants on the mating surfaces could also significantly affect the bearing strength. Values of the coefficient of friction for the tested laminate were on the order of 0.1 and are given in Reference [24] . Static [26] , where Y,jkm is the m-th observation for the i-th applied stress level (i clamping torque (k = 1,2,3,4). The term is the overall mean, a, is the effect of the i stress levels, /3, is the effect of the j orientations, and -y, is the effect of the k torque levels. Interaction effects are taken into account through the terms (a(3),j, (a&dquo;ý),k, ((3&dquo;ý)jk, (&OElig;(3&dquo;ý)'jk' The term E,,,,,, accounts for the independent error terms.
Significance of main factor effects and interactions were determined by using hypothesis testing and the F-test statistic. The analysis of variance model partitions the total variability of the observed data into deviations within the groups and deviations between the groups. This is accomplished via the sum of the squares of these deviations. [27, 28] . Table 1 is a summary of the output obtained from the three factor analysis of variance model, Equation (1) angle has an insignificant effect on the fatigue life of the composite bolted joint. The 
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PROBABILITY STUDY Ultimate Bearing Strength Results
Data obtained from both the ultimate strength and the fatigue tests were assumed to follow a log-normal distribution. The two parameters of the lognormal distribution, obtained from the experimental data are listed in Table 3 . Beginning with the ultimate bearing strength data, Figure 9 shows a plot of the grouped experimental data (the results of the three outer ply angle tests were where m is the rank order number of the grouped data and n is the number of specimens tested. The continuous curve of Figure 9 is a plot of the cumulative log-normal distribution versus normalized strength. Therefore, the smooth curve represents the results which would be expected if an infinite number of tests were performed providing that the underlying population was log-normal with its parameters given by Equations (5) and (6) . Presenting results in this manner can be of considerable use if a warranty of the strength of the joint is required. For example, it may be necessary to determine the probability of joint failure given that the applied load is 95 % of the mean ultimate bearing strength. The point (5) 
